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Game Change: the “ridge” in pp collisions 

Unexpected ridge-like correlations in high multiplicity pp! 

pp N>110, 1<pT<3 GeV/c 
September, 2010 

Two-particle Δη-Δϕ correlation 
Opportunity of studying novel QCD  
phenomena opened up by the LHC 

Slide	  from	  Wei	  Lei,	  Rice	  University	
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pp <N>~15, 1<pT<3 GeV/c 

The “ridge” in pp collisions 

pp N>110, 1<pT<3 GeV/c 

No ridge observed in minimum bias pp or any pp MC generators 

Two-particle Δη-Δϕ correlation 

High	  Mul&plicity	  Events	  is	  the	  key!	

3	

I	

9 

Very high multiplicity pp collisions 

Very high-multiplicity pp events are rare in nature 

10-5 – 10-6 prob. 

Very exotic  
pp events 

Raw counts of tracks! 

<Ntrk
offline>~15 for MB pp

110	  tracks	  translated	  to	  be	  
20~30	  tracks/arm	  in	  FVTX	  
acceptance.	



Wide	  Rapidity	  Range	  Correla&on	
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Number	  of	  Tracks	  (North)	

200	  GeV	 510	  GeV	

Although	  North	  and	  South	  (wide	  rapidity	  gap)	  correla&on	  between	  high	  mul&plicity	  
events	  is	  known	  to	  be	  weak	  to	  start	  with	  though,	  510	  GeV	  shows	  rather	  stronger	  
correla&on	  compared	  that	  of	  200	  GeV.	  



Hiroshi’s	  Run9,13	  Study	
pp%200%GeV%ERT%Cnt9Cnt%�

��

Associated%parXcle%0.25<pT<1[GeV]%�

dPhi�

091%%� 195%� 59100%�T%0.25<pT<1[GeV]%�

T%1<pT<3[GeV]%�

T%1<pT<3[GeV]%�

!  *Could*not*see*v2*compornent�
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pp%200%GeV%ERT%Cnt9Cnt%�
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Associated%parXcle%0.25<pT<1[GeV]%�

dPhi�
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!  *Could*not*see*v2*compornent�

pp%500%GeV%ERT%Cnt9Cnt�
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Associated%parXcle%0.25<pT<1[GeV]%�

091%%� 195%� 59100%�
T%0.25<pT<1[GeV]%�

T%1<pT<3[GeV]%�

T%1<pT<3[GeV]%�

dPhi�
!  *In*0C1%*mul$plicity*class,*Fit*func$on*shows*posi$ve*v2*�

pp%500%GeV%ERT%Cnt9Cnt�

��

Associated%parXcle%0.25<pT<1[GeV]%�

091%%� 195%� 59100%�
T%0.25<pT<1[GeV]%�

T%1<pT<3[GeV]%�

T%1<pT<3[GeV]%�

dPhi�
!  *In*0C1%*mul$plicity*class,*Fit*func$on*shows*posi$ve*v2*�

May	  be	  some	  indica&on	  of	  
c2	  in	  500GeV,	  but	  need	  
more	  sta&s&cs	  to	  be	  
conclusive	



200GeV	

510GeV	

Plot	  by	  Toru	

FVTX	  charged	  track	  distribu&on	  
200GeV	  vs.	  500GeV	

510GeV	  has	  certain	  advantage	  to	  collect	  
events	  >	  20	  tracks	  per	  FVTX	  arm	

Reconstructed	  number	  of	  tracks/event	  per	  FVTX	  arm	
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Frac&on	  of	  High	  Mul&plicity	  Events	

#	  of	  Tracks	  /	  arm	 >	  10	 	  >	  20	 >	  30	 >	  40	
500	  GeV	 10%	 0.7%	 0.04%	 0.008%	
200	  GeV	 4.1%	 0.03%	 0.0005%	
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Required	  Rejec&on	  Power	
#	  of	  Tracks	  /	  arm	 >	  0	 >	  10	 	  >	  20	 >	  30	 >	  40	

Frac&on	  in	  MB	 100%	 10%	 0.7%	 0.04%	 0.008%	

Rates	  in	  MB	 4MHz	 400kHz	 28kHz	 1.6kHz	 320Hz	

Required	  
Rejec&on	  Power	 1	 10	 142	 2,500	 12,500	
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•  The	  maximum	  luminosity	  in	  Run13	  was	  around	  3~4MHz.	  	  	  
	  	  	  	  -‐>	  Expected	  to	  be	  provided	  x2	  =>	  6~8MHz	  in	  Run16.	



FVTX	  Trigger	  Performance	
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Trigger Efficiency (South)
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turn on    6.72± 527.1 
sigma     2.143± 96.44 

Trigger Efficiency (South)
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 / ndf 2χ  251.2 / 47
plateau   0.01011± 0.8543 
turn on   0.1012± 23.92 
sigma     0.04445± 5.671 

Trigger Efficiency (South)
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 / ndf 2χ  732.8 / 97
plateau   0.006546± 0.4806 
turn on   1.496± 363.5 
sigma     0.5546± 72.22 

Trigger Efficiency (South)

#	  of	  track	  ≥	  14	 #	  of	  track	  ≥	  18	

#	  of	  online	  track	  maximum	  =	  24	
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Trigger Efficiency (South)

South	  &	  North	  Coincidence	
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Entries  0Entries  0 / ndf 2χ  70.23 / 47
plateau   0.0167± 0.4687 
turn on   0.2785± 26.46 
sigma     0.08767± 7.126 

 / ndf 2χ  70.23 / 47
plateau   0.0167± 0.4687 
turn on   0.2785± 26.46 
sigma     0.08767± 7.126 

Trigger Efficiency (South)
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plateau   0.01002± 0.3722 
turn on   3.121± 416.7 
sigma     1.034± 88.62 

 / ndf 2χ  427.9 / 97
plateau   0.01002± 0.3722 
turn on   3.121± 416.7 
sigma     1.034± 88.62 

Trigger Efficiency (South)

10	#	  tracks	  >=	  12	  /arm	

coincidence	

#	  tracks	  >=	  16	  /arm	

coincidence	



Trigger	  Performance	  Summary	

•  Asking	  the	  trigger	  mix	  with	  BBC	  narrow	  VTX,	  
the	  addi&onal	  RP	  ~	  5	  is	  expected.	  	  

•  The	  total	  rejec&on	  power	  of	  3000	  ~	  7000	  can	  
be	  achieved	  at	  the	  cost	  of	  efficiency.	  	  

•  RP~5000	  will	  provides	  the	  trigger	  rate	  of	  1kHz	  
at	  BBC	  rate	  of	  5MHz.	  (May	  be	  s&ll	  need	  to	  be	  
prescaled)	  

•  Purity>30	  is	  about	  0.3.	
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Yield	  Es&mate	
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•  FVTX	  North	  and	  South	  separate	  trigger	  bits	  
•  Assumed	  500Hz	  band	  width	  
•  500Hz	  x	  30%	  purity	  (>30tracks/arm)	  =	  150Hz	  
•  150Hz	  x	  3600s	  x	  24h	  x	  7days	  x	  7	  weeks	  x	  30%	  
DAQ	  &me	  =	  150Hz	  x	  1.2M	  [s]	  =	  190	  Mevents	  

	  
Total	  190M	  events	  of	  	  tracks>30/arm	  
(0.04%MB)	  to	  be	  accumulated	  	



Impact	  compared	  to	  exis&ng	  study	

dPhi�

pp%510%GeV%MB%Cnt9Cnt�

��

Associated%parXcle%0.25<pT<1[GeV]%�

091%%� 195%� 59100%�

T%0.25<pT<1[GeV]%�

T%1<pT<3[GeV]%�

T%1<pT<3[GeV]%�

!  *In*0C1%*mul$plicity*class,*Fit*func$on*shows*posi$ve*v2*�
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510GeV	

1%	  of	  MB	  if	  bbcq	  is	  
100%	  correlated	  
with	  #	  FVTX	  tracks	  	

l MB	  rate	  was	  ~	  300Hz	  in	  Run13.	  
l  300Hz	  x	  1%	  x	  10weeks	  x	  bbcq	  efficiency	  ~	  5.4M	  events	  x	  bbcq	  efficiency	  
l  Bbcq	  efficiency	  is	  the	  correla&on	  between	  bbc	  charge	  and	  FVTX	  mul&plicity	  
	  	  	



Summary	
•  We	  propose	  to	  study	  collec&ve	  effect	  in	  510GeV	  pp	  
in	  Run16.	  

•  Assuming	  high	  mul&plicity	  plays	  essen&al	  role	  of	  the	  
collec&ve	  effect	  regardless	  of	  collision	  energy,	  510	  
GeV	  has	  advantage	  compared	  to	  200GeV.	  	  

•  The	  es&mated	  yield	  of	  #of	  tracks>30	  is	  190Mevents	  
in	  7weeks	  assuming	  500Hz	  bandwidth.	  

•  190M	  expected	  events	  is	  at	  least	  ~	  40	  &mes	  more	  
event	  samples	  than	  Hiroshi’s	  Run13	  analysis	  (5.4M)	  

•  We	  will	  try	  to	  improve	  the	  sharpness	  of	  the	  turn	  on	  
curve	  by	  modifying	  hardware	  during	  shutdown.	  
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